A field trial was conducted on 36 farms in the Netherlands to compare the fertilizing capacity of fresh and frozen-thawed boar spermatozoa. Four-hundred and fifty-one sows were artificially inseminated with semen that had been frozen and thawed according to the Beltsville Method or diluted in Kiev extender and inseminated on the day of collection. Twelve boars of the Dutch Landrace and Dutch Large White breeds were used. Farrowing rates, total number of pigs per litter and number of live pigs per litter were higher (P<.0001) for sows inseminated with fresh semen than for sows inseminated with frozen-thawed semen (79.1%, 10.6 and 9.9 vs 47.0%, 7.4 and 7.1, respectively). Farrowing rates for sows inseminated with frozen-thawed semen were higher when semen from Dutch Large White boars was used than when semen from Dutch Landrace boars was used (58.6 vs 40 SMention of a trade name, proprietary product or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of other products that may be suitable.
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was reversed for insemination with fresh semen (76.5 vs 81%). Boar differences based on farrowing rate ranged from 62 to 92% for fresh semen and from 29 to 72% for frozen semen. There was no inseminator effect or farm effect on farrowing rate. On the basis of these results, frozen semen used for artificial insemination under practical circumstances can be expected to result in a farrowing rate about 30 percentage points lower and a litter size about three pigs smaller than does fresh semen. (Key Words: Artificial Insemination, Frozen Semen, Swine, Farrowed.)
Introduction
Successful fertilization of the pig ovum with frozen-thawed semen has been achieved after intratubal insemination (Polge et al., 1970) and after intracervical insemination (Crabo and Einarsson, 1971; Graham et al., 1971; Pursel and Johnson, 1971) . More practical methods of freezing and thawing boar semen have been developed since then, notably the Beltsville Method of Pursel and Johnson (1975) , which is used commercially in the United States 6 and Canada 7. Another method (Westendorf et al., 1975) has been used to a limited extent for exportating semen from the Federal Republic of Germany. Two other methods intended for the practical use of frozen semen (Paquignon and Courot, 1976; Larsson et al., 1977) have also been developed with promising results, although the method of Larsson et al. (1977) has been tested only experimentally.
The purpose of the present study was to compare under practical conditions the fertility of semen frozen and thawed by the Beltsville Method (Pursel and Johnson, 1975) with the fertility of fresh semen. Current use of fresh 1130 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 5, 1981 and frozen semen in the United States requires that the swine producers conduct the insemination of sows and gilts; thus, it is nearly impossible for researchers to obtain reliable field data. The Netherlands, with excellent countrywide swine artificial insemination (AI) organizations, routinely uses an inseminator service that provides a greater opportunity to obtain reliable fertility information. This paper describes the results of a direct field comparison of frozen and fresh boar semen under practical conditions on 36 farms in the Netherlands. A preliminary report of these results has been published (Johnson et al., 1979) .
Materials and Methods
Six experienced inseminators inseminated 451 sows with fresh or frozen semen from 12 boars. The sows were located on 36 farms in the Netherlands. All farms were part of the inseminator's regular daily route.
Selection of Boars. Semen from 36 boars was evaluated for freezabitity by test freezing three different ejaculates from each boar. Postthaw acrosome morphology and sperm cell motility were the criteria used for evaluation. Semen from 18 boars was acceptable (minimum of 45% normal apical ridge [NAR] and 35% progressively motile sperm). Twelve of the 18 boars were selected for use, eight Dutch Landrace (DL) and four Large White (DLW). All boars were used routinely by the AI Center for fresh semen production and were assigned to a twice-a-week collection schedule.
Semen Collections and Evaluation. Semen was collected by the gloved-hand, rubbersleeve method into two fractions, sperm-rich and modified sperm-poor. The semen was brought to the laboratory, where the gel was separated immediately by filtration through gauze. Volume was determined and sperm concentration measured with a photometer, which was calibrated periodically with a hemocytometer. A split-ejaculate technique was used throughout the experiment. Aliquots of semen for freeze processing were taken from the sperm-rich fraction; .5 ml of semen was mixed with 3.5 ml of Beltsville Liquid semen extender (BL-1 ; Pursel etal., 1973) and incubated for 30 min at 37 C. A part of this sample was used to ~A: ICN, Inc., Cleveland, OH; B: British Drug House, Liverpool, England.
estimate sperm motility on a warm stage at • 125. Motility was evaluated microscopically in two ways: (1) as a percentage of progressively moving sperm and (2) by type of sperm movement, graded on a scale of 0 to 9 (Boender, 1977) . Before the incubation, .5 ml of the BL-1/semen suspension was added to .5 ml of Beltsville thawing solution (BTS) containing 1% glutaraldehyde for evaluation of acrosome morphology. The remainder of the sperm-rich fraction and the modified sperm-poor fraction were combined and diluted in Kiev extender (Pli~ko, 1965) and prepared in individual insemination bottles containing 100 ml of extended semen (3 x 109 spermatozoa).
Frozen Semen Processing. Enough semen for three frozen semen insemination doses (6 • 109 sperm per dose) was taken from each sperm-rich fraction. One dose was reserved for laboratory evaluation and two were reserved for AI. The semen to be used for freezing was put into polycarbonate centrifuge tubes in a Styrofoam box and transported from Vught to the Institute at Zeist, approximately 80 kilometers. Samples were maintained at room temperature during transport. Transport time also served as the holding period, as described by Pursel and Johnson (1975) .
At the Institute, the semen was divided into insemination doses and centrifuged; seminal plasma was moved and Beltsville freezing extender (BF-5) added, after which the semen was cooled and frozen on Dry Ice according to a modified version of the procedure described by Pursel and Johnson (1975) . Modifications to the procedure were that semen was cooled for 2.5 hr instead of 2 hr and to 8 C rather than 5 C. BF-5 was made with two sources of TES (A and B) s. TES A gave a pH of 7.5 in final solution and TES B gave a pH of 6.9. Approximately one-half of the sows were inseminated with semen frozen for the experiment with B; the rest were inseminated with frozen semen prepared with TES A.
Frozen Semen Evaluation. Approximately 1 hr after the pellets were frozen and stored in liquid N (-196 C), one pellet from the insemination dose to be used for laboratory evaluation was removed, held in a Styrofoam box for 3 rain and then added to 1 ml of BTS preheated to 50 C. The pellet was thawed within a few seconds, and .5 ml of the suspension was added to .5 ml of a BTS-I% glutaraldehyde mixture. The rest of the thawed sample was incubated at 37 C for 30 min, after which sperm motility was estimated microscopically on a warm stage at x 125. Sperm motility was graded in increments of 1 on a scale of 0 to 10 (convertible to 0 to 100%) and type of movement on a scale of 0 to 9 as described by Boender (1977) . Acrosome morphology was determined on the BTS-glutaraldehydesuspended sample by phase contrast microscopy the same day. Acrosomes were rated by morphological damage and placed into the following classes: normal apical ridge (NAR), damaged apical ridge (DAR), missing apical ridge (MAR) and loose acrosomal cap (LAC), as described by Pursel et al. (1972) . If any thawed sample did not have at least 45% NAR and 35% motile sperm, all frozen semen from that boar for that day was discarded.
AL The 36 farms were chosen on the basis of the experience of their owners with AI and their interest in the experiment. Six inseminatots from the AI center were trained in semen thawing procedures, and they performed the AI on the sows during their regular route. Sows were inseminated 12 to 24 hr after onset of the first estrus after weaning. The Melrose catheter was used for all the inseminations. Semen was thawed at the farm just before insemination. A minimum of six sows per farm and a maximum of 12 sows were inseminated over the course of the experiment. Inseminations were begun on January 22, 1978 and completed on June 26, 1978. Only two sows, chosen at random, were inseminated with frozen semen on any day by an inseminator.
Statistical Evaluation. Farrowing rates were tested both by chi-square analysis with a contingency table and by fitting of the data to a linear model (Grizzle et al., 1969) . Other variables were analyzed by the General Linear Models procedure of the Statistical Analysis System (Barr et al., 1979) .
Results and Discussion
Semen characteristics and laboratory semen evaluation results for the ejaculates are shown in table 1. The collection volume and sperm concentration (106 sperm/ml) of the modified sperm-poor fraction differed between boars (P<.05) but not between breeds (P>.05). The collection volume of sperm-rich semen, however, was higher (P<.02) for DLW than for DL (85 vs 63 ml), but concentration of spermatozoa in the sperm-rich fraction was higher (P<.02) for DL than for DLW (514 vs 760 x 106/ml). Because of the difference in spermrich volume and sperm concentration, the DL produced about 4 x 109 more sperm per After the freezing procedure and storage at -196 C, one pellet from the dose kept for laboratory evaluation was thawed and evaluated for percentage of motile sperm, type of sperm movement and acrosome morphology (table 2) . Values for motile sperm and type of sperm movement were significantly higher for DLW than for DL. Acrosomal morphology did not differ significantly. Because boars are known to differ in their semen freezing capability (Larsson and Einarsson, 1976) , each frozen ejaculate was thawed and tested. Any semen that did not receive a rating of 35% progressively motile spermatozoa and 45% NAR was destroyed, along with the two doses that had been frozen for insemination for that boar on that day. Of the 196 ejaculates from which semen was frozen, only 12% were discarded because of failure to meet the minimum criteria. Table 3 summarizes the farrowing results for sows inseminated with fresh or frozen-thawed semen. The farrowing rate of sows inseminated with fresh semen was greater (P<.0001) than that of sows inseminated with frozen semen (79.1 vs 47.0%). Litter size, both in terms of number of pigs born (total) and number born alive, was greater (P<.001) for sows inseminated with fresh semen than for sows inseminated with frozen semen. Sows inseminated with fresh semen had an average of .7 dead pigs per litter vs .3 for those inseminated with frozen semen (P<.008). Thus, fresh semen yielded the greater loss.
Farrowing rate for sows inseminated with Grizzle et al. (1969) , the differences between breeds was not significant. The reason for this apparent contradiction arises from the more conservative nature of the latter procedure and the fact that the differences in farrowing rate between breeds was small when fresh semen was used (76.5% for DLW vs 81.0% for DL; table 4) and large when frozen semen was used (58.6% for DLW vs 40.9% for DL). These differences resulted in an interaction (P<.02) between fresh or frozen semen and breed. As mentioned previously, sperm concentration was higher for DL and semen volume was higher for DLW. When these results were related to the differences between breeds in farrowing rates with frozen semen, we found that the higher proportion of seminal plasma to sperm during the holding time may have been beneficial to the DLW spermatozoa. However, in another study (J. G. Aalbers and L. A. Johnson, unpublisbed data) , no influence of seminal plasma on spermatozoa freezability was found with motile spermatozoa, acrosome morphology and spermatozoa glutamic oxalacetic transaminase used as criteria. In addition, the significantly higher percentage of motile sperm in frozen-thawed DLW semen than in DL semen (table 2) indicates that DLW sperm were better able to survive the freezing and thawing than were DL sperm. However, no difference was seen in acrosomal integrity after freezing and thawing (table 2) . Differences in farrowing rates between DL and DLW inseminated with deepfrozen semen has been reported by Paquignon and Courot (1976) . In that study, the mean farrowing rate, based on 49 inseminations, was 67% for DLW and 32% for DL.
Variation among individual boars in farrowing rate was significant for both fresh and frozen boar semen (table 4). The range for fresh semen was wider than expected (62 to 92%). Freezing semen often accentuates boar differences, a fact that was shown in this study, in which the farrowing rates ranged from 29 to 72%. Semen from each boar was test frozen in an attempt to minimize inherent variation among boars in relation to freezability of semen, which is related to fertility (Larsson and Einarsson, 1976) . However, this attempt failed to provide an "acceptable" range of differences between boars When frozen semen was used. This failure suggests that sperm motility and acrosomal morphology are helpful but not conclusive criteria for judging the fertilizing capacity of frozen boar spermatozoa. Data on the influence of inseminator on farrowing rate are presented in table 5. The variation in farrowing rate was similar between inseminators and among farms (P>.05 for each comparison). However, the number of inseminations per farm was too small to test efficiently for differences.
All semen used in the study was frozen from January 22 through March 16. Sows were inseminated from February 10 through June 26. Fertility data were tested to determine whether length of frozen semen storage may have affected farrowing rate or number of pigs born. Age of frozen semen (day frozen to day of insemination) was divided into three categories: (1) 0 to 30 days, (2) 31 to 60 days and (3) more than 60 days old. No semen was stored for more than 116 days. Statistical evaluation indicated no significant difference; however, the trend favored the semen stored for a shorter period (i.e., 57, 41 and 42% farrowing for sows inseminated with semen from periods 1, 2 and 3, respectively).
Two types of TES, a major chemical in the BF-5 extender, were used in the experiment. Final pH of the prepared extender was 7.5 for TES A and 6.9 for TES B. Each TES was used in one-half of the inseminations. The farrowing rates of sows were not significantly altered by the source of TES used, although farrowing rate and number of pigs per litter were higher with TES A than with TES B (49.6 and 7.6% vs 43.8 and 7.0%).
Our results show that frozen boar semen is still suitable for use only under certain conditions and with specific producer units. This conclusion rests on the observation that frozen semen produces a farrowing rate approximately 30 percentage points lower and an average litter size three pigs smaller than does fresh semen diluted in Kiev extender and inseminated on the day of collection. Because of the reduction in farrowing rate and litter size, producers who have a specific need for certain blood lines as well as extremely high quality genetic materials will continue to be the primary users of frozenthawed boar semen.
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